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the fluctuations of output differentials across countries, contrary to recent papers that found productivity (technology) shocks to have played a limited role in accounting for output fluctuations within countries (e.g., Gali, 1999) . This result points to a hitherto little understood difference in the propagation of technology shocks in international versus domestic dimensions. The other supply shock, labor supply shock, is found to play a substantial role in accounting for the flucutations of output differentials (which resonates with Ahmed et al., 1993) , while playing a smaller role in accounting for the real exchange ate and the current account movements.
Taste shocks take up a lion's share in accounting for the fluctuations in the real exchange rate. This result is consistent with Clarida and Gali (1994) , which finds aggregate demand shocks to play an important role in explaining the real exchange rate fluctuations. Taste shocks and nominal shocks (both demand-side shocks) play a prominent role in accounting for current account fluctuations in some countries, with supply-side shocks also playing a role. 2 2 Blanchard and others (2005) also attributed an important role to taste shocks in explaining the evolution of the U.S. current account deficit, as well as highlighting the role of asset valuation changes.
Looking into individual events separately by historical decomposition, the recent global imbalances-the large deficit in the U.S. current account balance-are attributed to technology shocks, consistent with the interpretation of Engel and Rogers (2006) . This contrasts with the previous large deficit episode of the 1980s, when taste shocks are found to have played a dominant role. Historical decomposition also brings out a large negative shock to labor supply for the euro area in the 1980s and the 1990s, which offset the positive contribution of strong productivity performance in the 1990s (echoing Blanchard's, 2004 re-interpretation of European productivity developments).
The rest of the paper is organized as follows. Section 2 presents a NOEM model with four structural shocks, and discusses its short-run and long-run implications. Section 3 constructs the empirical model that is consistent with the long-run implications of the theoretical NOEM model, and discusses the empirical results. Section 4 concludes.
Theoretical Model

Basic Setup
We work with a two-country model which features consumption home bias and predetermined prices.
Home and foreign countries are each populated by consumers of a unit mass who wholly own domestic firms in each country (thus no international trading in equities). Consumers in both countries have a bias in favor of consuming home-produced goods, which causes the consumption-based real exchange rate to move with the terms of trade. Producers of intermediate goods operate in monopolistically competitive markets, and set prices before observing the realization of shocks-then all prices adjust fully to shocks in one period.
The preference of a representative home consumer is represented by the following CES utility function, with a symmetric utility applying to a representative foreign consumer.
(1) where , and Consumption index is based on the CES aggregate of consumptions of home and foreign goods ( and ) , with denoting the share of foreign goods in consumption (expenditure) . is the corresponding price index while and are the prices for home and foreign goods, respectively.
Money ( ) enters utility in log form with elasticity parameter and the disutility of labor supply ( ) in quadratic form with elasticity parameter .
While equities are domestically owned, each country's nominal bonds are perfectly substitutable and internationally traded. Each country's net external bond holdings are thus written in domestic-currency denomination without loss of generality. The intertemporal budget constraint at time is:
where is the net external stock of bonds held by a consumer (at the beginning of period ), nominal wage, and profit. The real interest is the nominal interest rate net of inflation:
The government distributes the seignorage to consumers via transfers : 
where denotes economy-wide productivity.
Following Obstfeld and Rogoff (1995) , we consider firms whose prices are predetermined one-period in advance, and an economy which is subject to one-time permanent shocks. When the price has fully adjusted to shocks to the economy, the price is determined by the usual mark-up rule:
When the economy is hit by a shock and thus price has not been adjusted in response, the above mark-up pricing condition does not apply, and employment and production are demand-determined.
In response to a permanent shock, the economy will be at a demand-driven equilibrium for one period, until it adjusts to the shock and settles down at a new steady state. We interpret the new steady state as the long-run equilibrium, and the interim period as the short run. The short-run interim period, of course,
is not viewed to correspond to one period in calendar time. Conceptually, it corresponds to the protracted adjustment period that follows a shock in a full-fledged stochastic model-for example, the one which adopts a quadratic adjustment cost to introduce price rigidity.
The first-order conditions for representative consumers provide several demand relations and the labor supply relation.
Consumption-saving (intertemporal consumption demand):
Intra-temporal consumption demand:
The elasticity of substitution between home and foreign goods, , later plays an important role in determining the response of cross-country output deviations to shocks. When output is demand determined in the short run, the higher demand elasticity would magnify the effect of short runprice rigidity.
Goods market equilibrium:
Money demand:
Labor supply:
Bond market equilibrium:
where superscript refers to a foreign variable.
The real (nominal) exchange rate is measured as the relative price of foreign goods (money) and a higher numerical value implies a real (nominal) depreciation.
Interest parity holds, in both real and nominal terms:
(15)
Long-Run Equilibrium
We sketch the solution (see the appendix for full details), focusing on four variables of interest: the relative productivity, relative output, current account, and the real exchange rates. The model is solved by log-linearizing it around a symmetric steady state, with normalization that keeps the values of prices and consumption aggregates equal to 1 and the value of net asset holdings equal to 0. For brevity of algebra, we also consider shocks only to the home economy, which can be substituted by the differences in shocks between home and foreign economies (with no loss of generality) in the log-linearized model.
Four structural shocks are assumed in the model. Each structural shock is represented as a permanent change in the following variables: (technology shock), (negative labor supply shock), (taste shock), and (nominal shock).
We start with long-run equilibria that form the basis for the identification assumption of our structural VAR analysis. To introduce the timing convention, we use subscript 0 to refer to the initial steady state, subscript 1 to refer to the long-run outcome (new steady state), subscript to refer to the short-run or interim transition period. We do not use time subscript for shock variables since we consider one-time permanent shocks. The variables with hat (^) represent rates of change from the initial steady state while variables with ' ' represent the changes from the previous period (i.e., from interim period (period ) to the new steady state (period 1)).
The most straightforward results are the long-run effect of shocks on the productivity and current account.
The labor productivity is influenced only by a shock to the productivity in the long run.
On the other hand, no shock has a long-run effect on the current account which returns to a zero balance in the long run in our model. The current account is equivalent to the change in a country's external asset holdings, and external asset holdings remain constant in the long run at a level different from the initial value by . 3 Hence, the long-run current account returns to a zero balance.
For the remaining variables, the long-run equilibrium is solved simultaneously with the interim equilibria, as they are related via consumption / saving decisions and the accumulation of bond holdings. This step is the conceptual equivalent of solving the system of difference equations in multi-period DSGE models where the new steady state is approached asymptotically.
Combining the linearized long-run labor supply (equation (11)) and the linearized production function,
, we obtain the following expression for the long-run output differential.
The last term is the annuity value of the current account imbalance during the interim period, namely the product of the long-run real interest rate ( ) and the interim current account ( ). 4 While the current account returns to zero balance after a short deviation during the interim period, the long-run trade balance equals the annuity value of the current account imbalance during the interim period, thereby affecting the long-run relative output differential.
For the remainder of the theoretical and especially the empirical analysis, we approximate that this longrun wealth effect is equal to zero, on the grounds that its size is of a second-order magnitude within our own model, and also because the long-run wealth effect has been viewed to dissipate in a broader class of dynamic models. That is,
• To stay within the particular structure of our model, the long-run wealth effect is quantitatively small. The magnitude is the annuity value of the change in net foreign assets caused by the shocks under consideration. If the long-run real interest rate is 2 percent, the net effect of a structural shock via the wealth effect is about one-fiftieth of the effect of the shock on the interim-period current account.
• To go beyond the particular structure of our model, the wealth effect of shocks may be best viewed to dissipate in the long run. In many models, the level of long-run net foreign assets is viewed to be determined exogenously, and independent of the usual shocks that drive short-run macroeconomic fluctuations. Models of one such stripe resort to transaction costs to avoid the non-stationarity of 3
Note that the response of asset holdings to shocks has been approximated not by log changes but by absolute deviation from the initial steady state value of 0 ( = 0). We work around the steady state with zero net external asset holdings, = 0. If were non-zero, the usual log-deviation would have been .
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Subscript 1 denotes bond holdings at the beginning of the new long-run equilibrium, which results from choices made in the interim period. net foreign assets, the level of which is exogenously determined (see Ghironi and others, 2006 , for a related discussion). In models that endogenously determine net foreign assets, the main determinants are demographic variables (Obstfeld and Rogoff, 1996; and Ghironi, 2006) , which do not vary or feature prominently in cyclical frequencies. Also see Faruquee and Lee (2008) for the empirical evidence on persistence of the net foreign assets in percent of GDP.
Then, by assuming equation (18), we rewrite equation (17) to state that the long-run output differential depends only on the productivity and labor supply shocks.
The responses to shocks are in expected directions: the output differential increases in response to a positive productivity shock ( ) and decreases in response to a shock that raises the disutility of labor ( ).
Turning to relative prices, the real exchange rate is proportional to the terms of trade for = 0, , 1,
When the home and foreign consumer preferences are fully symmetric with no consumption home bias ( ), the real exchange rate stays constant while the terms of trade change in response to various shocks. When there is bias in favor of home goods ( ), the real exchange rate moves in the same direction as the terms of trade.
Again under the approximation that the long-run wealth effect is zero, the long-run real exchange rate is found to depend on shocks to productivity, labor supply and preference.
For all values of elasticity ( ) larger than 1/2, the long-run real exchange rate would depreciate in response to a favorable home productivity shock ( ) or labor supply shock (-), while it would appreciate in response to a preference shock in favor of home goods (-).
The response to a productivity shock warrants some discussion. In our model without the nontradables sector, a higher productivity is found to lead to a real depreciation, per the usual terms of trade effects.
Inclusion of the nontradables sector would bring in the traditional Harrod-Balassa-Samuelson effect, thereby making it likely that an appreciation will follow a higher productivity. The net effect, however, would depend on the relative strength of the terms of trade effect and the Harrod-Balassa-Samuelson effect (Lee 2007) . Indeed, the literature has mixed evidence on the effect of productivity on the real exchange rate (Corsetti et al., 2006; and Lee and Tang, 2007) . In the context of our paper, the sign of the long-run effects of a productivity shock on the real exchange rate can be left as an empirical matter, since the identification assumptions do not restrict the sign of long-run effects of technology shocks on the real exchange rate.
We thus have the result that nominal shocks have no long-run effect on the real exchange rate or relative output, and that preference shocks have no long-run effect on the relative output. And these two shocks and labor supply shocks have no long-run effect on the labor productivity. These zero-restrictions form the basis of the long-run identifying assumptions for our empirical investigation, and are summarized in Table 1 together with the signs of the long-run effects of four structural shocks.
Short-Run Equilibrium
We next characterize the short-run response to shocks to facilitate the interpretation of impulse responses in the empirical section. As can be seen in the appendix, the expressions for short-run variables get complicated by the presence of home bias in consumption. We thus evaluate the sign of the coefficient at a very small degree of home bias, namely when . While this assumption helps our discussion in this section, it should be emphasized that this assumption does not at all constrain empirical impulse-responses which depend only on the long-run identification assumptions (zeros in Table 1 above the diagonal). 5
The interim (short-run) current account is 6 and is equal to the following, under a very small degree of home bias:
When , the interim current account increases in response to positive nominal shocks or the preference shocks in favor of home goods, and decreases in response to positive home technology shocks or favorable labor supply shocks. This latter result is rather surprising (considering the absence of investment in our model), and turns out to be accompanied by the improvement in the terms of trade via the nominal exchange rate movement (given price rigidity). This effect can be better understood when we soon compare it with the effects on the terms of trade and the relative output.
The short-run (interim) terms of trade-and thus the real exchange rate, under -is identical to the nominal exchange rate under price rigidity .
The short-run terms of trade is thus influenced by the nominal shocks, and responds to technology shocks differently from the long-run terms of trade.
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In the following, we discuss the effects of productivity shocks in detail, but not the effects of labor supply shocks, since the effects of (negative) labor supply shocks are essentially the same as the effects of (positive) productivity shocks.
6
Note that under the timing convention of following the wealth level at the beginning of the period.
In response to nominal (money supply) shocks, the nominal exchange rate depreciates and thus the terms of trade deteriorates (accompanying, if any, a depreciation in the real exchange rate) while the current account balance improves. This is consistent with the typical response to monetary shocks in which the expenditure switching effect is at work. In response to favorable technology shocks, the nominal exchange rate appreciate as money demand increases, and thus the terms of trade improve (home goods become more expensive relative to foreign goods). This change in the terms of trade increases the relative demand for foreign goods, leading the home agents to run a trade (and current account) deficit in the interim period. 7
To elaborate on the temporal response of the real exchange rate (terms of trade) to technology shocks, we write out the long-run nominal and real exchanges rate when :
In the long run, the nominal exchange rate adjusts in proportion to the money supply, and is also influenced by all real shocks in magnitudes that increase with the elasticity of substitution . In response to technology shocks, both the nominal and real exchange rates appreciate in the short run. In the long run, however, while the nominal exchange rate remains appreciated, the real exchange rate depreciates. Comparing the short-run and long-run real exchange rates, a short-run real appreciation precedes a long-run real depreciation. Comparing the nominal exchange rates, they depreciate in both the short and long run, but more in the short run than in the long run, thereby exhibiting a nominal exchange rate overshooting.
However, in a generalized model, technology shocks (or negative supply shocks) may depreciate the real exchange rate even in the short run. In models where prices are adjusted partially in the short run, positive home productivity shocks may decrease the price differential and the size of short-run nominal exchange rate overshooting, generating a pressure for real depreciation. Further, in a model that allows non-tradables, the effects on the real exchange rate depend on the nature of technology shocks. In the empirical section, we discuss these possibilities in more detail.
7
This current account deficit allows the foreign economy to accumulate assets which will enable them to purchase the increased supply of home goods in the new steady state. We approximate the equilibrium by noting that this wealth accumulation, while itself of a first-order magnitude, has a second-order effect on other variables. As discussed in the previous section, the long-run wealth effect is the annuity value of the interim (short-run) current account deficit, and thus of a smaller order of magnitude.
We can also compare the correlations between the current account and exchange rate in response to different shocks. In response to preference shocks favoring home-produced goods (-), the current account (trade) balance turns to surplus reflecting the increased demand for home-produced goods.
On the other hand, as the production of home goods and home consumption increase, the money demand increases, the nominal exchange rate appreciates, and eventually, the interim terms of trade improves (an appreciation in the real exchange rate). The implied negative correlation between the exchange rate and the current account is thus of the opposite sign to that which results from nominal, technology, or labor supply shocks.
The response of short-run output is similar to the response of the current account balance.
In response to nominal shocks, the relative output increases, moving in the same direction as the current account balance when > 1. The relative output also increases in response to preference shocks favoring home goods. In response to technology shocks, however, the relative output decreases in the interim period, while it increases in the long run. This short-run compression in relative output is larger when the elasticity is larger, thereby magnifying the demand compression caused by the short-run increase in the price of home produced goods.
This short-run decline in the relative output, following favorable technology shocks or labor supply shocks, stems from the fact that there is no price adjustment in the interim period in our model. At the same time, the nominal exchange rate responds (appreciates) in a forward-looking manner-nominal exchange rate has no rigidity. Combined with nominal price rigidity, this nominal appreciation raises the relative price of home goods, thereby suppressing relative demand for home goods. With the interim output determined by demand, the relative output declines in response. 8 The model thus puts in the sharpest relief the distortion caused by price rigidity. However, in more enriched models, this negative effect on relative output will be moderated by several factors. For one, in models where prices can be partially adjusted in the short run, this negative effect will be mitigated, thus probably limiting the short-run expansion of the relative output rather than necessarily reducing the short-run relative output following favorable technology shocks. 9 Table 2 summarizes the short-run effects on our four core variables. Note that both (+) and (-) signs are included for the effects of productivity and labor supply shocks on the real exchange rate and the relative output since those effects are ambiguous in general cases.
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If the elasticity of substitution were to equal zero (Leontief preference with fixed consumption share), the relative output would increase in the short run in our model, too.
Empirical Evidence
Data and Empirical Model
To uncover four structural shocks from VAR, we adopt the long-run zero restrictions discussed in Section 2, adopting the identification strategy that was pioneered by Blanchard and Quah (1989) . Consider the following moving-average representation of a structural VAR model. (29) where is the current account and , and are technology shocks, labor supply shocks, shocks to preference towards home vs. foreign goods, and nominal shocks (or monetary shocks).
The long-run restrictions are represented as for , and 34 (elements above the diagonal). To recap the implications of these restrictions:
1. labor supply shocks do not have permanent effects on the labor productivity differential, 2. shocks to preference do not have permanent effects on the labor productivity differential or the output differential, and 3. nominal (monetary) shocks do not have permanent effects on the labor productivity differential, the output differential, or the real exchange rate.
The long-run restrictions that identify preference shocks are consistent with other shocks originating from the demand side, and we also call them aggregate demand shocks, interchangeably with preference shocks. In particular, shocks to government spending that falls mostly on domestic goods have the same long-run implications in that they will not influence output or labor productivity differentials in the long run.
Although we present a simple proto-type NOEM model in Section 2, the long-run restrictions are consistent with other types of NOEM models, as was the exact merit of the long-run identification strategy that Blanchard and Quah (1989) and real GDP for each country are used as the log-deviations from the rest of the world, which is proxied by the rest of the G-7 countries. Labor productivity is constructed as the ratio of real GDP to civilian employment, and the log of real effective exchange rate is used. The current account is used as a ratio to trend GDP. 12 The transformed data are shown in Figure 1 , where all variables are multiplied by 100. It is visually clear that relative output and labor productivity exhibit time-series behaviors different from output and productivity within each country, foreshadowing the difference in empirical findings between this paper and papers that did not fully consider open-economy dimensions. A constant term is included and four lags are assumed in the model.
The Elliott-Rothenberg-Stock DF-GLS test supports the specification of the model in general. For labor productivity (log level deviation from the rest of the world), real GDP (log level deviation from the rest of the world), and log of real effective exchange rate, the null hypothesis of unit root is not rejected at the 5% level. For the current account (as a ratio to the trend GDP), it is rejected at the 5% level. The only exception is the U.S. current account, for which the null hypothesis of unit root is not rejected at the 5% level. 13 We also perform the Johansen cointegration tests. For the U.S. and the Euro Area, the null of no cointegrating relation among labor productivity, real GDP, and real effective exchange rate is not rejected at 5% in various specifications, which is consistent with the theoretical model. However, the cointegration test rejects the null of no cointegration relation among those variables at the 5% level in Japan, though the test does not reject the null of one cointegrating relation and the null of at most one cointegrating relation. 14
Dynamic Responses to Structural Shocks
Figures 2, 3, and 4 report the impulse responses with one standard error bands over four years for the U.S., the Euro Area, and Japan, respectively. The names of structural shocks are listed at the top of each column, and the names of responding variables are listed at the far left end of each row.
Positive technology shocks increase the labor productivity and output in all countries, with a larger effect in Japan than in the U.S. or the Euro Area. A positive technology shock increases labor productivity and output more than 1% in the long run in Japan, while it increases labor productivity and output by 0.6% and 0.4% in the U.S. and the Euro Area, respectively. In response to technology shocks, output increases initially in the short run and then further in the long run beyond the short-run expansion, especially in Japan. The current account deteriorates in the short run, but tends to return to the initial level in the long run. The maximum deterioration is found in about a year after the shock.
Many of these responses are consistent with theoretical predictions discussed in the previous section.
The short-run effect on output is smaller than the long run effect on output, and the current account deteriorates in the short run. Although the relative output increases in the short run, contrary to the prediction of the model of the previous section, we noted that the increase would be a natural outcome of an enriched model where prices can be partially adjusted in the short run.
14 Following the results of the cointegration test, we also consider a model that allow one cointegrating relation among the three variables for Japan. We first esimate the cointegrating relation by dynamic OLS (Stock and Watson, 1993) , and then impose the cointegrating relation on the VAR model to construct the VECM (Vector Error Correction Model).
If there are only two types of permanent shocks or stochastic trends among the three non-stationary variables (instead of three permanent shocks or stochastic trends as assumed in the theoretical model), one cointegrating relation can be found. Permanent technology shocks seem to exist because labor productivity has a unit root. As a result, it seems that either permanent labor supply or preference shock does not exist if one cointegrating relation is found.
Therefore, in this model, technology shocks are identified by the same restriction as the one in the basic model (only technology shocks are allowed to have long-run effects on the labor productivity differential). Then, another type of permanent shock is identified by the assumption that only this type of shock (in addition to technology shock) are allowed to have long-run effects on the output differential. Impulse responses show that this type of shock has long-run effects on output, which suggests that permanent shocks to labor supply seem to exist (but permanent shocks to preference may not).
In this model, the effects of technology and labor supply shocks on labor productivity, output differential, and the current account are very similar to those from the basic model. The effects on the real exchange rate are slightly different. Although technology shocks do not affect the real exchange rate significantly in the short-and medium-run (as in the basic model), the real exchange rate tends to appreciate in the long run. Also, the positive effect of labor supply shocks on the real exchange rate is larger than that in the basic model. At any rate, the main conclusions from the basic model tend to hold: technology and labor supply shocks are the dominant sources of output fluctuations; both technology shocks and labor supply shocks increase output differential and worsen the current account.
On the other hand, the effects of technology shocks on the real exchange rate are some-what different across countries. A short-run appreciation is found in the U.S. but short-run depreciation is found in the Euro Area. In Japan, the point estimate shows a real depreciation but the wide error band includes zero well in its interior. In the long run, the real exchange rate returns to the initial level: in all countries, the standard error bands include zero responses in the long run. These long-run zero responses suggest that the counteracting factors-the terms of trade and Harrod-Balassa-Samuelson effects-cancel out each other in the long run.
The short-run responses, including a real depreciation and the negative correlation between the current account and the real exchange rate in Japan which are counter to the basic model, can be reconciled with a model that allows partial price adjustment in the short run, or a model that distinguishes productivities in the tradable and non-tradable sectors. Corsetti, Dedola, and Leduc (2006) show explicitly that the effects of technology shocks on the real exchange rate differ, depending on whether the technology shocks fall more on the tradables or nontradables sector. The cases where the current account deteriorates despite a real exchange rate depreciation may also reflect the role of investment that has not been included in our basic model. An investment boom following a technology shock can lead the current account to deteriorate, while causing a real exchange rate depreciation concurrently.
These issues can be fleshed out fully in a more detailed theoretical model that incorporates both the non-tradables sector and investment dynamics, but which is beyond the scope of this paper.
In response to a positive labor supply shock, output increases both in the short run and in the long run; The theoretical model predicts that a shock to preference toward more foreign goods (away from domestic goods) leads to a short-run and long-run real exchange rate depreciation, a short-run worsening of the current account, and a short-run decrease in output. Empirical results are mostly consistent with these predictions, except for a few cases; output responses are not significant in the U.S. and Japan, and the current account of the Euro Area increases a bit in the short run. Responses of the real exchange rate and current account are also consistent with those in Lee and Chinn (2007) , in which preference shocks were conjectured to drive the shocks that have a long-run effect on the real exchange rate.
Finally, in all countries, nominal shocks increase the current account in the short run, with error bands being away from zero in all cases. The effect on output in the short run is significantly positive in Japan, considering error bands. However, the short-run responses of output in the Euro Area are very weak and those in the U.S. are positive. The real exchange rate does depreciate in the short run in Japan and the U.S, although the effect in the Euro Area is not significantly different from zero. The current account improvement and the real exchange rate depreciation following monetary shocks are also found in past studies such as Kim (2001), Kim and Roubini (2000) , and Eichenbaum and Evans (1995) . These responses are consistent with the theoretical prediction: a nominal shock (such as monetary expansion) depreciates the real exchange rate and improves the current account and output in the short run. 15 It is also of interest to compare the signs of correlation between the real exchange rate and the current account generated by nominal shocks and preference shocks. As predicted by the theory, preference shocks tend to generate a negative correlation but nominal shocks tend to generate a positive correlation, especially in the U.S. and Japan.
To summarize, empirical results on the dynamic responses to various structural shocks show that predictions of the basic NOEM model are broadly consistent with the data, while some responses call for expanded models. And two noteworthy patterns emerge from the data. First, technology shocks have little long-run effect on the real exchange rate in the three largest economies, consistent with empirical findings in the literature. Next, the correlation between the real exchange and current account does vary with the source of shocks. Most clearly, in the U.S. and Japan, preference and nominal shocks generate opposite signs in the correlation between the real exchange rate and current account, urging caution on unconditional statements on the relationship between the exchange rate and current account.
Sources of International Macroeconomic Fluctuations
Tables 3-9 report the forecast error variance decomposition for the level of relative labor productivity, relative output, real exchange rate, and current account, respectively. Tables 7, 8 , and 9 report the forecast error variance decomposition for the first difference of relative labor productivity, relative output, and real exchange rate. The numbers in parentheses are one standard error bands.
Technology shocks are the main source of fluctuations in relative labor productivity. For the level of relative labor productivity, the technology shock explains over 85% of the variation at the one-year horizon in the Euro Area and Japan and over 65% in the U.S. For the difference, it explains over 55% in all cases. In the U.S., the labor supply shock also plays a significant role: it explains 36.5% of the difference and 30.5% of the level at the one year horizon. Labor supply and preference shocks in the Euro Area and nominal shocks in Japan explain more than 10% of the difference. Other shocks play minor roles.
Fluctuations in relative output are mostly explained by technology shocks and labor supply shocks.
Two shocks explain more than 75% in all cases. The relative importance between technology shocks and labor supply shocks varies across countries. Labor supply shocks are more important for the Euro Area while technology shocks are more important for Japan and the U.S. In the Euro Area, preference shocks play some roles, explaining more than 10% of both level and difference at the one year horizon.
Nominal shocks in Japan explain over 10% at the one year horizon. 15 The output and real exchange rate responses for the Euro Area tend not to be statistically significant but this may be related to the fact that the true common monetary policy started only from the establishment of EMU in 1999 but we used the data from 1980. More puzzling is the output response in the U.S., which may suggest the possibility that nominal shocks include other types of structural shocks than monetary shocks. However, the output response to monetary shocks produces more intuitive results, when the sample is split around the mid-1980s. These results are compatible with the widely reported Great Moderation and the change in the operating procedure of the U. Preference shocks play the most important role for explaining the real exchange rate fluctuations. In Japan and the Euro Area, preference shocks explain more than 80-96% and 68-88% of the level and difference, respectively. In the U.S., the contribution is 53-72% and about 37% for the level and difference, respectively. In the U.S., the other three shocks play some roles: for the difference, the other three shocks explain about 20% each. In the Euro Area, the next important source is technology shocks, which explain about 6-16% and 18-20% of the level and difference, respectively. Labor supply shocks in the Euro Area also explain more than 10% of the difference.
Clarida and Gali (1994) discussed the role of supply, demand, and monetary shocks, based on the Mundell-Flemming-Dornbusch model, and found that the demand shock is the most important source of real exchange rate fluctuations, which is consistent with our results. We interpret preference shocks also as demand shocks, for preference shocks share similar long-run restrictions with other demand shocks. Clarida and Gali (1994) also documented an important role of monetary shocks, which is somewhat different from our results. However, these results do not necessarily contradict our results,
given that the exchange rates under consideration are different. Clarida and Gali (1994) investigated the bilateral exchange rate of the U.S. vis-a-vis Germany, Japan, Canada, and the U.K., while we investigated the effective exchange rate of the U.S., the Euro Area, and Japan. They find an important role of monetary shocks for U.S-German and U.S.-Japan rates, but a small role for the other two (U.S.-Canada and U.S.-U.K. rates).
In addition, our results on the exchange rate are compatible with Lubik and Schofheide (2005b) of the U.S. current account fluctuations, respectively. In Japan, technology shocks, labor supply shock, preference shock, and nominal shocks explain 14-15%, 21-23%, 12-16%, and 47-52%, respectively.
In the Euro Area, nominal shocks explain 66-76%, but still technology shocks play some role (13-19%).
These results suggest that no single shock consistently plays a dominant role in explaining current account dynamics.
To summarize, technology shocks play an important role in explaining fluctuations in relative labor productivity, relative output, and the current account. Two supply side shocks, labor supply and technology shocks, explain most of the fluctuations in relative output, in a sharp contrast to their relatively minor roles in explaining fluctuations in output levels within each country. In explaining the current account fluctuations, various types of structural shocks are more or less equally important. Finally, preference shocks are the most important sources of real exchange rate fluctuations.
Historical Decomposition
Although the forecast error variance decomposition reports the contribution of each structural shock, averaged over the sample period, it does not show directly the role of each shock in different historical episodes. In this section, we examine the historical role of each structural shock by using historical decomposition, reported in Figures 5, 6 , and 7. The names of variables are listed at the far left of each row. The first column (named 'deterministic') shows the actual series (dashed line) and the contribution of the deterministic part (solid line). In other columns (under the name of each shock), the dashed line shows the difference between the actual series and the contribution of deterministic part, the solid line shows the contribution of each structural shock in explaining that difference. Although estimation used log-differenced values for labor productivity, output, and the real exchange rate in the model, we construct the decomposition based on log-level values by cumulating the decomposed contributions. 16 The results confirm the main findings from the variance decomposition. Technology shocks explain most of the historical variations in labor productivity in all three countries. Relative output fluctuations are explained mostly by technology shocks and labor supply shocks, with two demand shocks playing a limited role in all three countries. Between two supply shocks, labor supply shocks play a bigger role in explaining relative output fluctuations in the Euro Area than in the U.S. or Japan. In particular, the negative labor supply shocks have been prominent in the 1980s and 1990s in the Euro Area, offsetting the strong productivity development in the 1990s. This resonates with Blanchard (2004) who found that European countries had lower labor supply than the U.S., which offset the strong productivity growth of Europe. 16 We assume the contribution of the deterministic term is equal to the actual series at the period before the initial data of historical decomposition, for which the contribution of each shock cannot be calculated. is used. But the data is only available from 1980. To construct the change (or log-difference) of series before 1980 for the U.S. and Japan, we constructed the real exchange rate of each country against other six G-7 countries. Then, the weighted average of the changes of the six bilateral real exchange rates against other G-7 countries was used. The weights for six other G-7 countries were taken from the weights used to construct the IFS series for the 1980s, and were normalized to sum to 1.
The growth rate of the rest of the world's real GDP, for each country, is constructed by using the weighted average of the growth rate of other G-7 countries' real GDP. That is, G-7 countries excluding the U.S. are considered for the case of the U.S., G-7 countries excluding Japan are considered for the case of Japan, and the U.S., Japan, the U.K., and Canada are considered for the case of Euro Area. The weights for other G-7 countries were taken from the weights used to construct the real effective exchange rate, and were normalized to sum to 1. Real GDP for G-7 countries are obtained by deflating nominal GDP (in domestic currency term) with GDP deflator. Nominal GDP and GDP deflator for G-7 countries are obtained from IFS (Japan, U.S., U.K., France, and Canada) and OECD Quarterly National Accounts (Germany and Italy). For GDP deflator of Japan, strong seasonality is found for the data before 1979
(although the data is claimed to have been seasonally adjusted), and the data before 1979 is seasonally adjusted by X11 method. For Germany, the growth rate of West Germany is used to estimate the data before 1991. For Euro Area, real GDP is obtained from EABCN (Euro Area Business Cycle Network).
Labor productivity is constructed as the ratio of real GDP to civilian employment. The growth rate of the rest of the world's labor productivity for each country is constructed by applying the same procedure that is used for the rest of the world's real GDP growth rate. For the U.S., the gulf war transfers from 1990:4 to 1992:2 were taken out from the original data series.
For Germany, unified German data is used from 1991 while West German data is used up to 1989.
A linear trend in the log of nominal GDP is estimated, and then the current account data is divided by the trend of nominal GDP. For Germany, linear trends are estimated separately for the period before and after 1991.
B.1 Log-Linearized Model
This appendix presents the log-linearized version of the model around the steady state with , , , and . Note that in terms of our model, time periods in this section would correspond to the interim period and the new steady state.
Consumption decision:
Budget constraint:
The responses of consumption and price aggregates:
Consumption choice between home and foreign goods:
Equilibrium in goods market:
Equilibrium in assets market:
Pricing decision by firms, applicable in the new steady state, but not in the short run (interim period denoted by in the text):
B.2 Solving the Log-Linearized Model
The critical difference between the interim period (denoted by subscript ) and the long-run (denoted by subscript 1) is the price adjustment. Whereas the mark-up pricing formula does not apply in the short run over which there is no price adjustment, the mark-up pricing formula applies to the long-run equilibrium:
While the current account returns to zero balance after a short deviation during the interim period, the long-run trade balance equals the annuity value of the current account imbalance during the interim period, namely the product of the long-run real interest rate and the interim current account ( ).
Combining these two equations with the labor supply condition (56) we can see that the aggregate labor supply is determined by labor supply shocks, except the small effect of other shocks via the wealth effect (annuity value of the current account imbalance during the interim period).
In particular, the preference shocks between home and foreign goods do not have a direct effect on the long-run labor supply. Making note of the linearized production function , the long-run output differential is written as follows.
The real exchange rate is proportional to the terms of trade, in the presence of consumption bias in favor of home goods :
and (60) When the home and foreign consumer preferences are fully symmetric with no consumption home bias ( ), the real exchange rate stays constant while the terms of trade change in response to various shocks. When there is bias in favor of home goods ( ), the real exchange rate moves in the same direction as the terms of trade.
To characterize the long-run terms of trade, , we can derive the home and foreign prices in terms of shocks and the long-term trade balance. By incorporating long-run money market equilibrium condition ( ) and the mark-up pricing into labor supply condition (56),
we get:
Combining this equation and the BOP equation (55), we get:
After a similar derivation for , we have (63) To solve out the model fully, including and , we focus on several equilibrium conditions. The equilibrium condition for home goods equates the supply of home goods to the demand, which depends on the aggregate global consumption, the relative price, and the preference for home vs. foreign goods:
In the interim period, production is driven by demand, and the interim-period consumption and the long-run consumption are linked by the familiar consumption euler equation (in terms of differential between countries):
The real interest rate differential is determined by the temporal developments of the terms of trade:
where the interim terms of trade are:
The current account in the interim period ( ) depends on the consumption differential and the terms of trade:
The interim output differential is demand-determined and is thus affected by the interim and long-run exchange rates, as well as the shocks to preference between home and foreign goods.
We have now written short and long-run equilibrium values of all core variables in terms of the interim-period current account ( ) and the long-run nominal exchange rate ( ).
Several further substitutions show that these two variables are determined by the following two equations.
To recount the equations that determine equilibrium values of our core macroeconomic variables, we first determine the interim current account ( ) and the long-run nominal exchange rate ( ) from equations (70) and (71). The long-run output differential is determined from equation (58), the long-run real exchange rate is determined from equations (59) and (63). Productivity ( ) is exogenously determined, in both the long run and the short run. In the short run, the output differential is determined from equations (67) and (69), and the real exchange rate is determined from equations (59) and (67).
B.3 Long-Run Equilibrium
The long run effects of shocks on the real exchange rate and the relative output come through two channels: the direct channel and the indirect channel via the wealth effect. The indirect channel arises because the long-run net foreign asset positions change permanently in response to shocks in this class of models. As discussed in the text, since this effect is of a second-order magnitude, we assume that (72) The long-run aggregate output is influenced by productivity and labor supply shocks. (73) To solve for the long-run real exchange rate, we need the long-run real exchange rate which can be obtained from equation (71), focusing on the direct channel under the assumption that the long-run wealth effect is zero.
(74)
The long-run real exchange rate is then found to depend on productivity shock, labor supply shock and preference shock.
(75)
B.4 Short-Run Equilibrium
To solve for the short-run equilibrium, we can derive the interim current account ( , which equals ) by combining equation (70) and the long-run nominal exchange rate of equation (74), again focusing on the direct channel under the assumption that the long-run wealth effect is zero:
where The short-run values of all variables can now be derived, but the coefficients are quite complex as can be seen for the current account. As in the text, we evaluate the sign of the coefficient at a very small degree of home bias, namely when . The short-run current account then becomes:
When , the interim current account increases in response to positive nominal shocks or the preference shocks in favor of home goods, and decreases in response to positive home technology shocks or favorable labor supply shocks.
The nominal exchange rate and the terms of trade in the long run are:
The short-run (interim) terms of trade-and thus the real exchange rate-is identical to the nominal exchange rate under price rigidity.
The effect of short-run output is similar to the response of the current account balance.
In response to nominal shocks, the relative output increases, moving in the same direction as the current account balance when > 1. The relative output also increases in response to preference shocks favoring home goods. In response to technology shocks, however, the relative output decreases in the interim period, while it increases in the long run.
This short-run decline in the relative output, following favorable technology shocks, stems from the fact that there is no price adjustment in the interim period in our model. The model thus puts in the sharpest relief the distortion caused by price rigidity. However, in more enriched models, this negative effect on relative output will be moderated by several factors.
• First in models where prices are adjusted partially in the short run, this negative effect will likely limit the short-run expansion of the relative output, without necessarily reducing the short-run relative output following favorable positive technology shocks.
• Next, there is home bias in consumption that is being assumed to be negligible in this section for algebraic tractability. A positive productivity shock increases labor income, and induces home consumers to increase the demand for home goods more than for foreign goods. This will contribute to increasing the home output over the foreign output.
• Considering the possible effects of these two factors, a positive productivity shock to home economy is likely to increase the relative output in the short run, to be followed by a larger increase in the relative output in the long run. The former is most likely, and the latter is certain or would follow in all models.
• Also, in models where prices are adjusted partially in the short run, positive home technology shocks decrease the price differential, generating a pressure for a real depreciation. Therefore, the real exchange rate may depreciate, contrary to the prediction of the simple basic model. In addition, this can be another reason why the relative output differential does not decrease. Further, in a model that allows non-tradables, the effects on the real exchange rate depends on the nature of technology shocks.
In this connection, readers are referred to Corsetti, Dedola and Leduc (2006) for the real exchange rate responses in the model with non-tradables. On the other hand, when the real exchange rate depreciate following the positive home technology shocks, the current account can improve, differently from the short-run prediction of the basic model. However, we view the short-run current account worsening following positive home technology shocks as a more robust prediction for the following reasons. First, in a more general model with investment opportunities, the current account is likely to worsen as home investment increase. Second, the increase in home demand for foreign goods following positive home technology shocks can increase the imports, and worsens the current account.
